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Abstract

Objective: Vaccines are a major achievement of science, and new vaccines

against SARS-CoV-2 are protecting the entire population from a life-

threatening infection. Although several neurological complications or worsening

of pre-existing neurological conditions after vaccination have been observed,

whether a biological plausibility exist between new vaccines against-SARS-CoV-

2 and neurological consequences is unclear. The aim of this study is to evaluate

whether vaccines against SARS-CoV-2 induce systemic or cerebrospinal fluid

alterations in patients with neurological disorders. Methods: Patients who

underwent lumbar puncture (LP) between February 2021 and October 2022

were enrolled. Serum C-reactive protein (CRP), neutrophil to lymphocyte ratio

(NLR), cerebrospinal fluid total protein content (CSF-TPc), glucose CSF/serum

ratio, number of CSF cells per cubic millimeter, and CSF neurofilament light

chain (CSF-NfL) were compared between unvaccinated and vaccinated patients.

Results: A total of 110 patients were included and fitted into three groups

according firstly to vaccination status (vaccinated and unvaccinated) and then

to time from last dose of vaccine to LP (within or after 3 months). TPc, CSF/

SGlu ratio, number of cells per cubic millimeter, CSF-NfL, CRP, and NLR were

not different between groups (all p > 0.05), and also, they did not differ neither

according to age nor diagnosis. No relevant differences between groups were

also noticed when the at-risk time window was set to 6 weeks. Interpretation:

No signs of neuroinflammation, axonal loss and systemic inflammation were

found in patients with neurological disorders after anti-SARS-CoV-2 vaccina-

tion compared with unvaccinated ones.

Introduction

In 2020, SARS-CoV-2 infection underlying coronavirus

disease 19 (COVID-19) rapidly became a worldwide

health emergency due to its elevated infecting capacity,

morbidity, and mortality.1 However, in early 2021

COVID-19 vaccines have brought a hope to fight against

this infection. Also giving the detrimental effect of

COVID-19 in patients with neurological disease, vaccina-

tion against SARS-CoV-2 became essential in these

patients.2 To date, many vaccines against-SARS-CoV-2

are approved, some of these are based on nucleoside-

modified mRNA encoding for spike (S) lipoprotein (e.g.,

BNT162b2, mRNA-1273) and other viral-vector based

containing the genetic information to encoding S protein

(e.g., ChAdOx1-S, Ad26.COV2-S).3–6 Once introduced,

genetic material helps in making SARS-CoV-2 S protein

which is recognizes by immunity cells producing a defen-

sive immune reaction. It has been reported that all kinds

of vaccines are associated with several neurological com-

plications such as Guillain–Barr�e syndrome (GBS) and

acute disseminated encephalomyelitis (ADEM).7 As a part

of causality criteria, the biological plausibility of these

post-vaccination complication had been ascribed to

molecular mimicry, direct neurotoxicity, and aberrant

immune reactions.7 In this scenario, it could be
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reasonable to wonder whether new vaccines against

SARS-CoV-2 may induce systemic or neuroinflammatory

response representing the epiphenomenon of a biological

plausibility, underlying the neurologic post-vaccination

complications. On the contrary, it could be reasonable to

wonder whether COVID-19 vaccines may worsen a pre-

existing neurological disease. Apart from the biological

plausibility, other relevant issue for the establishment of

causality is the temporal relationship between vaccination

and adverse events following immunization (AEFI).8

Many authors consider a time of 6 weeks as at-risk win-

dow for complication after SARS-CoV-2 vaccination

based on the at-risk window for GBS after influenza A

vaccination.9–11 However, a precise at-risk period after

the occurrence of an external pathogenetic noxa (e.g.,

vaccination or viral infection) is not established, and it is

extremely variable in the reported cases. Thus, it could be

possible to speculate whether COVID-19 vaccines con-

taining SARS-CoV-2 epitopes are able to induce subclini-

cal and subtle alterations in cerebrospinal fluid (CSF) and

serum inflammation parameters temporally preceding a

clinical manifestation. We aim to explore the occurrence

of subtle systemic or nervous system inflammatory alter-

ations in a cohort of patients with neurologic disorders

who underwent to diagnostic lumbar puncture (LP) by

exploring CSF and systemic inflammation biomarkers

(i.e., total protein content, CSF glucose, serum to CSF

glucose ratio, number of CSF cells and serum C reactive

protein and neutrophil to lymphocyte ratio, respectively)

and comparing patients who underwent LP after COVID-

19 vaccination and those who did not receive vaccination.

Materials and Methods

Study design and patients’ collection

We performed a retrospective observational study to explore

whether vaccines against SARS-CoV-2 induced alteration of

CSF and serum inflammation parameters in patients with

multiple sclerosis (MS), neurodegenerative diseases (Alzhei-

mer’s disease, frontotemporal dementia, parkinsonism) and

vascular dementia. We enrolled people attending the Neurol-

ogy Unit of the University Hospital “Policlinico Paolo Giac-

cone,” Palermo, Italy, who underwent diagnostic LP as a part

of routinely diagnostic work up between February 1, 2021

and October 31, 2022. Patients with age ≥18 years and signed

informed consent form to perform LP and complete CSF col-

lection were included.

Exclusion criteria

Age <18 years, not having a neurological disease after

diagnostic work-up, lacking data (i.e., vaccination and/or

laboratory), traumatic LP, systemic or CNS infection,

diagnosis of Guillain–Barr�e syndrome, chronic inflamma-

tory demyelinating polyneuropathy and CNS tumors were

excluded from the final analysis. After the exclusion pro-

cedures, participants were divided into three groups: sub-

jects who underwent LP within 3 months from

vaccination, those who underwent LP after 3 months

from vaccination and not vaccinated ones (Fig. 1).

Serum and cerebrospinal fluid biomarkers

For each participant serum glucose, white blood cells

count (WBC) with neutrophils and lymphocytes count

and serum C reactive protein (CRP) were collected. We

calculated the neutrophil to lymphocyte ratio (NLR) from

the ratio between neutrophils and lymphocytes. CRP is a

multifunctional component of the innate immune system

and its production is enhanced in the acute-phase

response to inflammation which can be activated by tissue

damage, infections, and vaccination. The differential

count of WBC is another marker of systemic inflamma-

tion since this condition is characterized by neutrophilia

and lymphocytopenia making thus the NLR a more reli-

able biomarker of systemic inflammation. We tested

serum CRP, WBC, and NLR as biomarkers of systemic

inflammation according to existing evidence.12–14 CSF

parameters analyzed were CSF total protein content

(CSF-TPc), CSF glucose levels, CSF to serum glucose ratio

(CSF/SGlu), number of CSF cells per cubic millimeter

(CSF cells/mm3), and CSF neurofilament light chain

(CSF-NfL). CSF-TPc represents a screening test to assess

the blood–brain barrier function whether inflammation of

the CNS is suspected. As well, number of CSF cells/mm3,

LCR glucose levels, and CSF/SGlu ratio are increased and

reduced, respectively, during CNS inflammation and they

are a part of the routinely LCR laboratory testing.15,16

CSF-NfL levels have been proportionally correlated to the

degree of axonal damage in several neurologic disorders

including inflammatory and degenerative CNS dis-

ease.17,18 Also, NfL levels may increase several years before

a disease onset being thus and early biomarker of CNS

damage.19,20 We tested for each participants CSF-NfL

levels as biomarker of vaccine-induced CNS damage.

Sample collection and laboratory processing

Lumbar puncture was performed using a standardized

technique with a 22 or 24 G “atraumatic” spinal needle

and a sitting position.21 CSF was collected using polypro-

pylene tubes. CSF samples were analyzed within 2 h from

collection as a part of the diagnostic work-up at the Cen-

tral Laboratory of the University Hospital “Paolo Giac-

cone,” Palermo, Italy. Serum and CSF collection and
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analyses were carried out at the same day. CSF-NfL levels

were analyzed using the commercially available ELISA kit

UmanDiagnostics NF-light� assay, (Ume�a, Sweden).

Blood samples were collected at the enrolment in K3-

EDTA tubes (Greiner Bio-One) from all the participants

in fasting state. WBC with neutrophils and lymphocytes

counts was assessed within 3 h by flow cytometry (Beck-

man coulter, Pasadena, CA, USA), according to the man-

ufacturer’s instructions, while CRP was assayed by an

immunoturbidimetric method using the ARCHITECT

cSystems (MULTIGENT CRP Vario assay). The normal

values for each parameters were established according to

the normal ranges provided from our laboratory: WBC (2

to 11 103 cells/lL), neutrophils (2 to 8 103 cells/lL), lym-

phocytes (1 to 5 103 cells/lL), serum glucose (60 to

100 mg/dL), serum CRP (<5 mg/L), CSF-TPc (150 to

450 mg/dL), CSF glucose (40 to 60 mg/dL), CSF cells/

mm3 (<5), and CSF-NfL (<30 years [<380 pg/mL]; 30 to

40 years [<560 pg/mL]; 40 to 60 years [<890 pg/mL];

>60 years [<1850 pg/mL]). A CSF/SGlu from 0.3 to 0.5

were considered as within normal range.22 The normal

NLR cutoff was set from 0.78 to 3.53.23

Statistical analysis

Shapiro–Wilks test was used to check normality. Quanti-

tative variables were reported as median and interquartile

ranges (IQR) within squared brackets or as mean and

standard deviation (SD) as appropriate. Qualitative vari-

ables were reported as number and relative percentage.

Association between qualitative variables was estimated by

using Pearson’s chi-squared test or Fisher’s exact test

while quantitative data were compared among groups

through Mann and Whitney or Kruskal–Wallis tests, as

appropriate. Analysis of variance (ANOVA) was employed

to analyze continuous data with normal distribution.

Spearman’s correlation analyses (rs) were employed to

estimate the association between quantitative variables.

Figure 1. Flow chart showing the total number of enrolled participants, lumbar puncture indications and the selection of the final population

according to exclusion and inclusion criteria of the study. *Not having a neurological disorder including healthy subjects after the diagnostic work-

up. Interquartile ranges are reported within squared brackets. CIDP, chronic inflammatory demyelinating polyneuropathy; CNS, central nervous

system; d, days; F, female; GBS, Guillain–Barr�e syndrome; LP, lumbar puncture; y, years.
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The association between the variables considered as indi-

cators of CSF inflammatory markers was performed cal-

culating time from vaccination to lumbar puncture, either

as continuous variable or as categorizing it, as above

described. Statistical analyses were performed using the

SPSS package (IBM Corp. Released 2019. IBM SPSS Sta-

tistics for MacOS, Version 26.0. Armonk, NY: IBM

Corp). The statistical significance has been set as two

tailed with p < 0.05.

Results

Shapiro–Wilk test was performed to assess normality, and

it showed a not-normal distribution for overall continu-

ous variables (all p < 0.05) with exception of CSF/SGlu
ratio (p = 0.11). A total of 214 patients were included in

the study, and a total of 100 and 10 were included in the

final analysis according to exclusion criteria (Fig. 1). Sex

(p = 0.82), age (p = 0.07), and final diagnosis (all

p > 0.05) were similar among groups. Out of 18 partici-

pants, n = 11 received only one vaccine’s dose (13.8%),

while n = 32 (40%), n = 35 (43.8), and n = 2 (2.5%)

received two, three, and four doses, respectively (Table 1).

A statistically significant higher percentage of participants

vaccinated within 3 months before LP received one vac-

cine’s dose compared to those vaccinated at least

3 months before LP (p = 0.003) while these received

more commonly three doses (p = 0.04). Participants who

underwent LP after at least 3 months from vaccination

showed a higher median number of doses received

(p = 0.04; Table 1). In the Table 1 are summarized the

demographic features, final diagnosis and vaccination

information (i.e., type of vaccine and number of doses,

time from vaccination to LP) of the participants included

in the final analysis.

Serum analysis

Unvaccinated patients showed higher WBC, neutrophils,

and lymphocytes compared with vaccinates ones (Table 2).

CRP serum levels and NLR were within normal limits in

all the participants, and they were similar among groups

(all p > 0.05; Table 2). Serum CRP median levels were

not different according to vaccination status after

Table 1. Demographic features, diagnosis, and vaccination information of the subjects included in the final analysis according to vaccination sta-

tus and time lasted between vaccination and lumbar puncture.

Overall

N = 110

N (%)

LP ≤3 months

N = 40 N (%)

LP >3 months

N = 40 N (%)

Not

vaccinated

N = 30 N (%) p*

Male 50 (45.5) 18 (45) 17 (42.5) 15 (50) 0.82

Age median [IQR] 64 [47–72] 68 [53–73] 69 [46–74] 59 [43–65] 0.07

Age > 60 years 66 (59.8) 26 (65) 27 (67.5) 13 (43.3) 0.09

Inflammatory disease

Multiple sclerosis 40 (36.4) 12 (30) 13 (32.5) 15 (50) 0.19

Not inflammatory disease

Alzheimer’s disease 39 (35.5) 15 (37.5) 18 (45) 6 (20) 0.09

Frontotemporal dementia 9 (8.2) 4 (10) 3 (7.5) 2 (6.7) 0.86

Parkinsonism 11 (10) 5 (12.5) 2 (5) 4 (13.3) 0.42

Vascular dementia 11 (10) 4 (10) 4 (10) 3 (10) 1

Vaccine 80 (72.7) 40 (100) 40 (100) –

BNT162b2 (Pfizer-BioNTech) 53 (66.3) 29 (72.5) 24 (60) – 0.24

mRNA-1273 (Moderna) 22 (27.5) 8 (20) 14 (35) – 0.13

ChAdOx1 (AstraZeneca) 5 (6.3) 3 (7.5) 2 (5) – 0.64

Doses information

One dose 11 (13.8) 10 (25) 1 (2.5) – 0.003

Two doses 32 (40) 15 (37.5) 17 (42.5) – 0.65

Three doses 35 (43.8) 13 (32.5) 22 (55) – 0.04

Four doses 2 (2.5) 2 (5) 0 – 0.5

Number of doses median

[IQR]

2 [2–3] 2 [1–3] 3 [2–3] – 0.04

Time to LP1, days, median [IQR] 108, [48–163] 50, [14–83] 160, [133–

203]

– –

IQR, interquartile range; LP, lumbar puncture; N, number.
1Time in days between vaccination and lumbar puncture.

*p values for trend.
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stratifying for age and diagnosis (all p > 0.05; Fig. 2A,C).

Although median NLR was higher in the group of

patients aged more than 60 years (p = 0.026; Fig. 2B),

not significant differences were noticed between groups

after stratifying for age and diagnosis (all p > 0.05;

Fig. 2B,D). Correlation analyses did not show a statisti-

cally significant correlation between serum inflammation

parameters neither with time from last dose to LP (CRP:

rs = �0.04; p = 0.71 and NLR: r = 0.07, p = 0.56) nor

with number of doses received (CRP: rs = 0.18; p = 0.13

and NLR: r = �0.05, p = 0.97). Age was positively corre-

lated with serum glucose (rs = 0.3; p = 0.003).

CSF analysis

TPc was not different between groups (Table 2), and it

did not differ neither after stratifying for age nor for diag-

nosis (all p > 0.05; Fig. 3A,B). CSF/SGlu ratio did not dif-

fer between groups (Table 2) and although it was higher

in patients aged ≤60 years old (0.7 � 0.1 vs. 0.66 � 0.09;

p = 0.04), not group effect was detected after stratifying

for age and diagnosis (all p > 0.05; Fig. 3C,D). Correla-

tions did not show significant association between time

from last dose to LP, CSF-TPc (rs = 0.22; p = 0.06) and

CSF/SGlu ratio (rs = 0.07; p = 0.56) as well as no correla-

tion emerged between number of doses received and TPc

(rs = 0.21; p = 0.06) or CSF/SGlu ratio (rs = �0.06;

p = 0.66). Csf-NfL levels were higher in patients aged

more than 60 years (465 pg/mL [283–1063] vs. 712 pg/

mL [499–1401]; p = 0.004; Fig. 4A) and in those with not

inflammatory diseases (694 pg/mL [461–1345] vs. 496 pg/

mL [309–1063]; p = 0.025; Fig. 4B) but a group effect

was not found depending on vaccination status (all

p > 0.05; Fig. 4A,B). The median number of CSF cells/

mm3 was higher in younger participants (3/mm3 [1.2–
8.3] vs. 1/mm3 [0.6–2]; p < 0.0001; Fig. 4C) as well as in

those with MS (3.7/mm3 [1.6–8.8] vs. 1/mm3 [0.6–1.6];
p < 0.0001; Fig. 4D) but it did not differ between groups

according to vaccination status (all p > 0.05; Fig. 4A,D).

Correlation analyses did not show a statistically significant

correlation between CSF-NfL neither with time from last

dose to LP (rs = �0.04, p = 0.72) nor with number of

doses received (rs = �0.004; p = 0.97). Number of CSF

cells/mm3 did not correlate with number of doses

received (rs = 0.01; p = 0.9) nor with time from last dose

to LP (rs = 0.03; p = 0.77).

Comorbidity and medications

A total of seventy-one patients were affected by a comor-

bidity without difference between groups (p = 0.64)

except for dyslipidemia that was more common in

patients who underwent LP within 3 months from vacci-

nation (p = 0.02). As well, medications taken by partici-

pants at the time of vaccination did not differ overall

between groups (p = 0.89) at the exception of antithrom-

botics drugs which were more commonly taken by partic-

ipants who underwent LP after 3 months from

Table 2. Comparison analyses of cerebrospinal fluid and serum parameters between subjects who underwent lumbar puncture within 3 months,

after 3 months from vaccination and not vaccinated ones.

Overall N = 110 LP ≤3 months N = 40 LP >3 months N = 40 Not vaccinated N = 30 p*

Serum parameters

Serum CRP, median [IQR], mg/L 0.98 [0.6–2] 0.9 [0.6–1.5] 0.83 [0.6–1.5] 1.2 [0.6–3.4] 0.3

WBC, median [IQR], 103 cells/lL 6.9 [5.6–8.2] 6.4 [5.6–9.3] 6.8 [5.3–8] 8.3 [6.5–10.1] 0.015∫

Neutrophils, median [IQR], 103 cells/lL 4.5 [3.3–5.5] 4 [3.4–5.2] 4.4 [3.3–5.2] 5.2 [3.8–6.5] 0.046Δ

Lymphocytes, median [IQR], 103 cells/lL 1.7 [1.4–2.3] 1.7 [1.4–2.1] 1.5 [1.3–1.9] 2.0 [1.4–2.8] 0.016ƒ

NLR, median [IQR] 2.49 [1.9–3.3] 2.35 [1.8–3.4] 2.66 [2–3.2] 2.49 [1.9–3.3] 0.6

Serum glucose, median [IQR], mg/dL 91 [83–106] 91 [81–115] 91 [84–102] 91 [85–105] 0.9

CSF parameters

TPc, median, [IQR], mg/L 350 [297–441] 318 [288–421] 379 [309–449] 367 [297–484] 0.3

Glucose, median, [IQR], mg/dL 60 [56–69] 61 [56–69] 60 [56–66] 60 [57–68] 0.9

CSF/SGlu ratio, mean � SD 0.68 � 0.09 0.67 � 0.09 0.68 � 0.09 0.68 � 0.1 0.9†

CSF cells/mm3, median [IQR] 1.2 [0.8–3] 1.2 [0.8–3.2] 1.4 [0.7–4.7] 1.2 [0.9–2.8] 0.9

NfL, median [IQR], pg/mL 621 [373–1201] 854 [447–1267] 573 [378–1103] 542 [301–1130] 0.3

Kruskal–Wallis comparisons: ∫LP ≤3 months vs. not vaccinated, p = 0.02; LP >3 months vs. not vaccinated, p = 0.04; LP ≤3 months vs.

LP >3 months, p = 1; ΔLP ≤3 months vs. not vaccinated, p = 0.02; LP >3 months vs. not vaccinated, p = 0.042; LP ≤3 months vs. LP >3 months,

p = 0.74. ƒLP ≤3 months vs. not vaccinated, p = 0.09; LP >3 months vs. not vaccinated, p = 0.016; LP ≤3 months vs. LP >3 months, p = 1.

CRP, C reactive protein; CSF, cerebrospinal fluid; CSF/SGlu, cerebrospinal fluid to serum glucose ratio; IQR, interquartile range; NfL: neurofilament

light chain; NLR, neutrophil to lymphocyte ratio; SD, standard deviation; TPc, total protein content; WBC, white blood count.

*Kruskal–Wallis test with Bonferroni correction.
†One way ANOVA.
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vaccination (p = 0.006). All the comorbidities and medi-

cations taken by the participants included in the final

analysis are listed in Table S1.

Discussion

In this study, we evaluated whether COVID-19 vaccines

induced serum and CSF alterations in a cohort of patients

with MS, vascular dementia, and neurodegenerative dis-

eases to evaluate whether vaccines against-SARS-CoV-2

are able to induce subtle systemic and CNS inflammation.

Indeed, several case report or case series have been pub-

lished reporting neurological inflammatory complications

after vaccination against-SARS-CoV-2 such as GBS,

ADEM, transverse myelitis, optic neuritis, and active CNS

demyelination.24–27 Also, Stastna et. al reported a mild

increase in the relapse incidence after anti-SARS-CoV-2

vaccination period in patients with MS and neuromyelitis

optica spectrum disorder.27,28 Firstly, we did not find any

changes of WBC, neutrophils, and lymphocytes in vacci-

nated patients compared to not vaccinated ones (Table 2)

suggesting an absence of vaccine-induced systemic inflam-

mation. Salvagno et al. found that higher serum CRP

levels are associated with a higher response to BNT162b2

booster administration29; however, we further did not

find any correlation between time from vaccination, num-

ber of doses received, and CRP levels neither after strati-

fying for age nor for diagnosis (Fig. 2A,C). Although

Figure 2. Group-matched boxplots for serum C-reactive protein levels and neutrophil to lymphocyte ratio stratifying for age (A and B) and diag-

nosis (C and D). The line within the boxes indicates the median while the boundaries of the boxes represent the 25th and 75th quartiles. The

whiskers above and below the boxes correspond to the highest and lowest values. Mann and Whitney and Kruskal–Wallis tests were used for all

comparison.
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NLR was increased in older participants (Fig. 2B), we

found no association between groups as well as after sub-

grouping for age and diagnosis (Fig. 2B,D). This result is

consistent with a previous report that showed no NLR

alterations following BNT162b2 administration.30 In our

study, we found no elevation of CSF-TPc in vaccinated

patients compared to others (Fig. 3A,B) as well as no cor-

relations between time from vaccination to LP and num-

ber of doses received and TPc were found. CSF/SGlu ratio

was lower in patients aged more than 60 years, and it

could be due to increased serum glucose levels in older

participants with subsequently reduced CSF/SGlu ratio.

However, CSF/SGlu ratio was almost unchanged among

groups according to age and diagnosis (Fig. 3A,B). Of

interest, we found that number of CSF cells/mm3 was

higher in patients with MS in a not-dependent manner to

vaccination (Fig. 4C,D); however, a higher number of

CSF cells per cubic millimeter in patients with MS is

actually expected.31 We found higher CSF-NfL levels in

patients with neurodegenerative/vascular diseases com-

pared with MS patients and in those aged more than

60 years, but no vaccination effect was found neither

stratifying for age nor for diagnosis (Fig. 4A,B). The

higher CSF-NfL levels in patients with neurodegenerative/

vascular diseases comparing to others were, however,

expected according to literature.32,33 Overall, CSF-TPc,

number of CSF cell per cubic millimeter and CSF-NfL

levels were not temporally correlated with vaccination

Figure 3. Group-matched boxplots for CSF total protein content and glucose CSF/serum ratio stratifying for age (A and C) and diagnosis (B and

D). The line within the boxes indicates the median while the boundaries of the boxes represent the 25th and 75th quartiles. The whiskers above

and below the boxes correspond to the highest and lowest values. Mann and Whitney and Kruskal–Wallis tests were used for all comparison.
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neither with number of doses received thus indicating a

null effect of vaccination in serum and CSF inflammation

as well as in axonal loss. Although the temporal criterion

AEFI is estimated to be 6 weeks,8 we considered a tempo-

rally window of 3 months from vaccination to fit partici-

pants into groups. Indeed, although the AEFIs related to

vaccination usually occurs within 6 week from immuniza-

tion, the more lately occurrence of subtle inflammatory

alteration cannot be excluded, and it has not been

explored so far. However, we conducted a preliminary

analysis comparing CSF parameters, serum CRP and NLR

between participants who underwent LP within 6 weeks

from vaccination and other (after 6 weeks and controls)

but even in this case no relevant differences were noticed

(Table S2). Finally, we did not observe any significant dif-

ference between the cohorts with respect to the comor-

bidities or the medications used by included individuals,

possibly modifying vaccine response (Table S1).

The medium (within 3 months) and long-term (after

3 months) evaluation of CSF and serum inflammation

parameters is a strength of our study which is not limited

only to the short-term evaluation (i.e., within 6 months

after vaccination). Other strength of this study is the

employing of strictly exclusion criteria that limited the

bias due to factor not related with vaccination. Some lim-

itations should be considered when interpreting our data:

(1) the small number of sample size may have reduced

the power of some statistical analyses; (2) due to the

Figure 4. Group-matched boxplots for CSF neurofilament light chain levels and number of CSF cells per cubic millimeter stratifying for age (A

and C) and diagnosis (B and D). The line within the boxes indicates the median while the boundaries of the boxes represent the 25th and 75th

quartiles. The whiskers above and below the boxes correspond to the highest and lowest values. Mann and Whitney and Kruskal–Wallis tests

were used for all comparison.
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small number of participants immunized with viral

vectors-based vaccines, we could not perform sub-group

analysis according to vaccine type; (3) local and systemic

AEs following vaccination were not collected and the rela-

tionship between CSF or serum changes with AEs has not

been performed. To the best of our knowledge, this is the

first report showing that immunization against SARS-

CoV-2 is not associated with alteration of CSF-TPc, CSF-

glucose, CSF/SGlu ratio, CSf-NfL, serum CRP, and NLR in

patients with inflammatory and not inflammatory neuro-

logical diseases. We may conclude that new vaccines

against SARS-CoV-2 are not associated with serum

inflammation, CSF changes and axonal damage in

patients with MS, neurodegenerative diseases, and vascu-

lar dementia.
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